This article discusses the role of epithelial mesenchymal transition (EMT) and addresses the scientific merits on epigenetic regulation of EMT. The importance of EMT as a prognostic biomarker is explored and the rationale on application of multitargeted epigenetic therapy is discussed. We describe a literature review of the epigenetic influence of such process and we present a potentially effective method to reverse the epigenetic switch in favor for MET, in a clinical setting. A case series of advanced solid tumors are summarized aiming at generating hypothesis for the future recommendations for clinical trials targeting the tumor's biological behavior through inhibition of EMT. Hypothesis: We propose an integral and integrative approach that can modify tumor's biological behavior through inhibition of EMT, and further reduce the chances of metastasis, that can translate to improved outcome and patient's survival in advanced disease.
Introduction
Therapeutically, "generating" stem cells during the process of EMT has recently been described as a tool for treating diabetes mellitus type I [1] . Logically, the reverse, "inhibition of EMT" or induction of a phenomenon known as "MET" (mesenchymal epithelial transition) should pertain to the treatment of cancer. Epithelial mesenchymal transition (EMT) entails significant morphological and phenotypic variations in cell [2] . It is well described in the literature that invasion, metastasis, and drug resistance are related to EMT [3] (Examples are Taxol and Adriamycin resistance in EMT activated tumors [4] ). It is also well described in the literature that epigenetic status of the cancer cell lines (DNA methylation status) also correlates to the chemotherapy response and resistance (as shown in Gastric cancer cell lines response to platinum drugs) [5] . As our knowledge of cancer stem cells advances, we are able to identify the cancer stem cells quantitative measures of "stemness" that not only correlates with the EMT process, but also the epigenetic degree of aberrancies [6] . There is concomitant increase in the cancer "stem like" cells (CSC) that coexists with the degree of EMT [7] . This phenomenon is suggested to be under the regulation of epigenetics. Here we review the key targets in EMT, and further explore the therapeutic options that target these through epigenetic modification.
1) Transcription and growth factors/key pathways: Since EMT in cancer progression recaptures EMT in developmental process, several key inducers of EMT are transcription factors that repress the expression of E-cadherin, whose loss is a hallmark of EMT [3] [8]- [10] . Ras-MAPK, Hedgehog, and Phosphoinositol 3 kinase (PI3k) all have been suggested for triggering the EMT [11] - [13] . Transforming Growth Factor (TGF beta-1) is known to induce Insulin Like Growth Factor (IGF-1) and C-C Chemokine Ligand 2 (CCL2) in cancer, which promotes lymphatic spread of disease, and is also increased in hematological spread (i.e., in breast cancer with bone metastasis) [14] . TGFβ also can promote tumor invasion and evasion of immune surveillance [14] [15] . It is suggested that taxanes increase the production of TGF [16] . The same concern exists for Fibroblast Growth Factor-2 (FGF-2) and related induction of EMT [17] . Experiments with drugs that inhibit the FGF are still under research and development. In Gliomas, the involvement of bone marrow derived cells, their recruitment to the microenvironment, and participation in such "endocrine machinery" are critical for EMT induction, as well as tumor invasion and metastasis [18] .
2) Hypoxia response elements and pathways: Hypoxia inducible factor-1 (HIF-1) and hypoxia response elements also play a role in triggering EMT activity. Notch1 and related SNAIL and SLUG have been described as key targets for EMT [9] [19] . SLUG is involved with the first stage, which contributes to the cell-cell adhesion, while the second phase requires other factors (induced Vimentin) [9] [20] . Several signaling pathways are involved with the hypoxia and Notch1 activation and result in EMT that can include the growth factors such as HGF, FGF, TGF beta-1 [9] [21] . SNAIL and SLUG both downregulate the p63, which is in charge of inhibiting the EMT [18] [22] [23] . SNAIL inhibits P53 related apoptosis [24] . P53 also activates the microRNAs which are inhibiting the EMT [25] . Wnt pathway also induces both SNAIL and SLUG, and upregulates the mesenchymal marker Vimentin [9] . SNAIL also confers resistance to Taxanes [16] .
3) The role of epigenetic therapy: Epigenetic influence on almost all steps of cancer progression are shown in the literature, from carcinogenesis, to migration, invasion, and metastasis. This influence extends to the phenotypical and biological behavior of the disseminated circulatory tumor cells (CTCs), as well as free nucleic acid, or circulatory tumor DNA (ctDNA). It is well known that the tendency of circulatory tumor cells to spread and colonize in distant organs is an epigenetic phenomenon, as the mesenchymal CTCs have the ability to embolize and form colonies in distant organs. Chemotherapies, (shown with taxanes) are known for inducing EMT and phenotypical changes of CTCs in favor of metastasis [26] . It is time to explore epigenetic therapies that could potentially counteract such a pattern. A variety of genes are involved other than the hallmark pathways already described, whose epigenetic status can be assessed through the PCR technology. To name a few these genes: CDH1, DSP, KRT19, MST1R, OCLN, PPPDE2, RGS2, TSPAN13, Differentiation & Development: MST1R, PTP4A1, SMAD4, Cell Growth & Proliferation: GAB1, MST1R, SEH1L, SMAD4, Extracellular Matrix & Cell Adhesion: CDH1, CTNNAL1, DSC2, EPCAM, NID2, Signal Transduction: GAB1, KRT19, MAP3K5, RGS2, SMAD4, TGIF1 and Cytoskeleton: CTNNAL1, KRT7, PLEK2 [9] [25] .
As our understanding of the EMT expands, we are now able to differentiate three classes of biological behavior in EMT process. Therefore, we have noticed a spectrum of "EMT-ness" or degree of cell tendency to undergo EMT. Anything between full mesenchymal cell and full epithelial cell can fall in the middle, identified by quantitatively measured level of activity related to the bidirectional microRNAs (34 and 200) and the activity of ZEB and SNAIL, which transform the cell from partial EMT status to full EMT during cancer progression, induced by mechanisms described earlier [27] [28] . It is noticeable that microRNAs involved in this process are also non coding small RNAs that are involved in gene expression and part of the epigenetic science which has translated into diagnostic, as well as therapeutic tools in cancer [29] . The oncomiRNAs are RNAs which have been described as elevated during carcinogenesis and metastasis, as well as EMT, and the suppressor RNAs, which constitute the majority of microRNAs, can include: 16 in breast cancer, 21 in solid tumors such as lung, gastric, brain and ovaries, as well as hematological CA, 141 in prostate CA, and 198 lung CA [30] . These microRNAs are epigenetically controlled and may be modified, as their aberrancies are reversible.
Several tumorigenic properties driven or induced by EMT are modified by epigenetics. Epigenetic regulation encompasses three types of changes: DNA methylation, histone modifications, and microRNAs, each of which has been shown to play a key role in controlling epithelial-mesenchymal transition and cancer metastasis [5] [31]
[32]. As we gain deeper understanding of epigenetic mechanisms controlling EMT processes and orchestrating all the metastatic steps, we broaden the therapeutic potentials of epigenetic drugs, such as DNA demethylating drugs and histone deacetylase/demethylase inhibitors [5] [31] [33] . EMT transcriptional regulation of E-cadherin is dependent on DNA methylation and histone decaetylation, which can act upon metastasis-related genes, restoring their expression and biological functions, orchestrating the heredity and reversibility of EMT [5] . It also has been shown in the literature that combination of histone deacetylase inhibitors along with demethylators can affect cancer cell differentiation in pancreatic cancer cell line model [5] [31] [33] .
Methods
We have used a regimen of therapies that reverses the partial EMT status and induces MET, by regulating the key targets. Our approach may represent a promising therapeutic tool in advanced cancer. In this strategy we use treatments that inhibit the key regulators of EMT (such as SNAIL and SLUG) and the indirect pathways related to EMT (such as Wnt) [34] . The main component of the therapies are widely available and described in the literature, but the combination is discussed here for the first time, in a protocol called Multi-targeted epigenetic therapy (MTET), which addresses the key regulators involved with the EMT process. Of note, cytotoxic and cytostatic drugs are not used, as they induce the EMT.
1) Regulation of transcription and growth factors, by application of a combination of polyphenols that have been known to modify the pan-genomic and epi-genomic signature: This is the mainstay of the therapy, and is shown to be clinically relevant to improve survival in a series of cases, discussed here. The mechanism of action has been described in the literature, however the uniqueness of this protocol is related to the combination of several polyphenols that have synergism on the EMT targets. These polyphenols appear to affect the CSC invasion, migration, and self-renewal potency. The targets include caspase, survivin, BCL-2, LEF1/TCF responsive reporter, XIAP, and the number and self-renewal potency of CSC [35] - [40] .
2) GnRH agonists: These are shown to affect the intratumoral hypoxia by inhibiting HIF-1. These therapies also inhibit the Ras-mediated MAPK, involved with EMT. Androgen inhibition, although useful in inhibiting the HIF-1 and growth factors such as VEGF, is suggested to induce EMT, however this is secondary to direct androgen blockade rather than GnRH agonist effect. There is also studies that show androgen receptor blockade as is the case for the drug (Firmagon) inhibits the production of VEGF, and related induction of EMT. VEGF-Amediated angiogenesis is the connecting mechanism between cancer cell stemness and tumor initiation [41] .
3) Growth hormone blockade, by somatostatin analogues: These drugs are used to inhibit the IGF-1 and TGFβ related cascade in EMT induction. It is described in the literature that blocking the IGF-1 mediation (through MUC1), inhibits EMT. IGF-1 is also a key target in induction of the PI3K mediated MAPK [42] . 4) Quinolone based antimalaria drugs: These drugs inhibit the signal induction through growth factor receptor blockade. They also inhibit the Heat Shock Protein-90 (HSP-90) chaperones and PI3k/MAPK pathways, which are involved with EMT process [43] . 5) Riluzole: An off label drug which has shown efficacy in preliminary findings on melanoma cancer cell lines, by inhibiting NMDA coupling with PI3k [44] .
6) Targeted therapies, including EGFR blockade through small molecule inhibitors, such as Erlotinib: Some of the drugs in this category, known as EGFR tyrosine kinase inhibitors (TKIs) can inhibit the EMT, (shown in triple negative breast cancer cell lines in vitro) [45] . The EMT inhibition seems to be dose independent, and is not correlated with actual apoptosis effect. The other TKI used is Everolimus. This anti-mammalian target of Rapamycin, or mTOR inhibitor, also blocks EMT by inhibiting Wnt pathway. C-Met inhibitors, such as crizotonib, are also studied and have shown promising results in inhibiting CSC, to the point that some believe that EGFR blockade resistance can be reversed by adding c-Met inhibitors [46] . C-Met is an interesting target, as it is shown that it is crucial for the CSC self-renewal, and also an equivalent biomarker already described as CD 44+alpha2, beta1, or CD133+ [47] . Some targeted therapies induce the EMT, shown by activation of Wnt pathways after using the new MEK inhibitor, Selumetenib [48] . Metformin has been studied as a therapeutic in cancer cell lines, and works by inhibition of mTOR as well as positive effect on CSC, but must be used cautiously, as it can induce the feedback loops that trigger the PI3k [49] . 7) Celecoxib: there is controversy regarding the use of celecoxib, as it appears in some studies to induce EMT, although it was previous thought to inhibit EMT, and synergizes with EGFR blockade [50] .
Accordingly application of the above protocol in one hundred cases of advanced and refractory solid tumors resulted in independent anti-EMT response identified by disseminated circulatory tumor cells, translated to improved progression free, or overall survival. We followed the plasma VEGF measurements, as an indirect biomarker for intratumoral hypoxia, the IGF-1 and TGF-beta 1, as growth factor markers and epithelial circulatory tumor cells (EpCAM), altogether, a meaningful companion diagnostic tool to translate to clinical outcome, and predict overall survival. We conclude that this sample, although small, presents considerable effect size and can impact the current practice of oncology by providing better prognostic and therapeutic tools targeting CTC and cancer stem cell "stemness" in refractory and advanced disease.
Results
The following results were obtained during or after completing the course of therapy: 1) Response in tumor markers, suggesting clinical response: Of 100 patients, 73 patients initially had elevated tumor markers, and 57 of those patients (78 percent) had decreased tumor markers after the course of treatment. Three patients had stable numbers, and four patients had continuously increased markers. Nine patients had fluctuating results (decreased initially, and then increased).
2) Shrinkage of tumor in radiographic/imaging studies (PET and CT) with partial/mixed response and decreased metabolic activity: 58 patients had imaging reports to follow for their condition. The other 42 had no imaging or it was not applicable or relevant. Of 58 patients, 36 patients (62 percent) had positive response in their scans after the treatments. In 17 patients the results were mixed or improved initially, or the tumor was stabilized (total response of 91 percent). Five cases (8 percent) continued to progress.
3) Decrease in IGF-1: Of 100 patients, 20 had increased IGF-1. (The remaining had normal IGF-1). 18 of 20 patients (80 percent) responded by decreased levels after the treatment, (suggested to correlate with survival in the literature). In two patients IGF-1 increased.
4) Decrease in VEGF/FGF-2/IL-8: 37 patients had increased vascular endothelial growth factor (VEGF), correlating with higher risk of metastasis. 34 patients had decreased VEGF after the treatments (92 percent). Three patients progressed despite therapy (8 percent).
5) Circulatory tumor cells: 20 patients had increased CTC. 16 patients had positive circulatory tumor cells response by lowered CTC, which correlates with both disease free and overall survival post treatment. One patient had increased CTCs, and three had mixed responses (initially improved, and then progressed).
Since patients with cancer may have significant stratifying confounders in selecting their control group, we used each patients' pre-interventional status as the control arm. Patients' other stratifying confounders did not change during the study.
Discussion
Many of these patients had exhausted standard of care treatments, had stage IV disease, and had been offered palliative chemotherapy. The high rate of response in markers such as VEGF, PET imaging, and CTC has been show in the literature to correlate with survival. None of the patients treated with MTET experienced decreased quality of life, measured by ECOG performance status.
Conclusion
Our preliminary findings suggest that the implementation of anti-EMT therapies through MTET protocol is a promising therapeutic approach that warrants further research and investigation.
